INTRODUCTION
The interaction between the TAR RNA element, present at the 5'-end of all HIV-1 mRNAs, and the Tat-1 protein is one of the crucial steps in the HIV-1 replication cycle (1) . The understanding of the TAR RNA structure and its recognition (2) (3) (4) by the argininamide or fragments of the Tat-1 protein, is advanced and of importance for design of potential anti-HTV-l therapeutic agents.
Magnesium is a major effector of the RNA folding processes. Till present there are no data on Mg 2 * binding to TAR RNA bulged hairpin although recently such binding was suggested (5) based on the presence of four Ca 2+ ions in the crystal structure of the TAR RNA fragment devoid of the apical hexaloop. Fluorine chemical shifts are extremely sensitive to the nucleus environment thus making fluorine an ideal NMR spin label in the study of nucleic acids interactions with small ligands and proteins (6) .
In this report we would like to present by and II (U23, U38, U40 ) by means of phosphoramidite chemical synthesis on solid support (7). After synthesis (for a detailed protocol see ref. 8 ) and deprotection with fluoride anion oligomers have been isolated from the reaction mixture using a set of procedures including polyacrylamide gel electrophoresis in denaturing conditions, electroelution of RNA from gel slices and desalting on Sephadex G-25 columns. Total yields ~5%.
"F-NMR study: Mg*\ Ca 2+ and argininamide titration The X-ray study of the TAR RNA fragment devoid of the apical hexaloop showed (6) that the UCU bulge adopts a conformation that is stabilized by three Ca 2+ and differs from that determined previously in solution by NMR (9) . The X-ray study, however, cannot differentiate between metal ion binding sites that are important for stabilizing the bulge conformation and those necessary to maintain the crystal lattice.
In this report the 19 F-NMR spectroscopy was used to study specificity of TAR RNA -metal ions interactions in solution. Fluorine labels have been introduced into hairpins I and II to monitor functionally important bulge and loop regions of TAR RNA (U23, U31, U38, U40). First, following the chemical shift changes of 19 F-NMR resonances after argininamide binding, the sensitivity of the method was tested. Two NMR studies have been performed on the HTV-1 TAR RNA -argininamide complex (2, 3) . In one, the formation of U38»A27»U23 basetriple upon arginine binding was suggested (2) . Both studies positioned U23 and the argininamide in the major groove but in the second structure (3) NOE data were inconsistent with basetriple formation. In our study, the addition of argininamide to I or II had the same large (1.93 ppm) observable effect on the However, further broadening of F U40 resonance of II in the presence of 20-molar excess of magnesium suggests that the A22«U40 base pair is even less stable than in the absence of Mg*.
Once the method has been proven to be very sensitive, we undertook metal binding experiments. In the presence of 20-molar excess of Ca 2+ only shift of 0.4 ppm of F U40 resonance was observed (data not shown). This observation seems to be in agreement with X-ray structure where the calcium ion was found in the proximity of A22»U40 base pair. (10), of the initial HTV-1 TAR RNA structure obtained from the NMR study (9) (coordinates no. 17 from the PDB 1ANR set of structures).
In order to identify possible binding sites for magnesium, we calculated the distribution of electrostatic and van der Waals potential around the bulge on a grid of 0.5A spacing. 99 local potential minima were selected for initial positioning of magnesium and for each of them we performed in aqua energy minimization (MSI software) of the TAR RNA molecule (two closest sodium counterions were deleted to keep the total charge equal to zero). In the majority of the minimized structures the magnesium ion was found at a 1.9-2.1A distance from an electronegative atom (O2' or phosphate oxygen) and was hydrated by 5 water molecules (which confirms the hexacoordination of magnesium). Only in about 10% of cases, the ion interacted with more than two TAR atoms. Two sites within the TAR molecule with a relatively better affinity to magnesium were identified in the helical regions adjacent to the bulge (one in the major groove between the G26»C39 and A27»U38 base pairs and the other in the minor groove near A22), however no distinct potential energy minima could be assigned to them.
